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Radioactive isotopes are great important not only for research in basic science, 
material science, medical and radiopharmaceutical use but also for education in those area. 
42K is one of the convenient sources of β-- and/or γ-rays for several practical use, and that is 
produced by β--decay from 42Ar.  Half lives of the 42Ar and the 42K are 33 years and 12 
hours, respectively, therefore the correlation between the 42Ar and the 42K is in a secular 
equilibrium.  The 42Ar-42K generator has been proposed by Morinaga as a useful source 
for school education of radiation and/or radioactivity.  Two reactions, one for 40Ar(t, 
p)42Ar and another for 40Ar(α,2p)42Ar reactions, can be considered for the production 
method of the 42Ar.  However no tritium accelerator is available nowadays.  Therefore, 
the 40Ar(α, 2p)42Ar reaction can be applied to produce the 42Ar-42K generator even though 
the reaction cross section might be smaller than that of the 40Ar(t, p)42Ar reaction.  No 
excitation function of the 40Ar(α, 2p)42Ar reaction experimentally measured have been 
reported so far.  In the present study, we have measured the excitation function of the 
40Ar(α, 2p)42Ar reaction in order to produce the 42Ar efficiently1,2). 
 
Experimental 
Figure 1 shows a schematic view of the target system.  Target cells made of quartz 
glass are 30 mm in long and 30 mm in an inside diameter with windows of 0.05 mm 
polyimide foils (Kapton, Goodfellow Metals, England).  After evacuation, the cells were 
filled with natural Ar-gas up to 1 atm and the gas inlets of cells were stuffed with rubber 
plug and sealed with epoxy resin.  Four cells were set in a cylindrical cell-holder frame at 
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the beam course of CYRIC for irradiation with the α-beams.  Irradiations have been 
carried out two times in each beam energy of Eα =50, 60 and 70 MeV in order to check the 
reproducibility of the measurement values.  Cupper foils of 0.01 mm in thickness are set 
between each cell in order to degrade the energy of α-beams.  The α-beams from the AVF 
cyclotron are collimated in 10mmφ, and passed through a 0.012 mm Harvar foil which is 
for the separation of vacuum of the beam line.  In upper stream of the target cells, 
Harvar-foil of 0.01 mm was also set in order to cool the foils by He-gas.  After passing 
through the four target cells, the α-beams were stopped in a Faraday-cup by the end of 
cell-holder frame.  The irradiation time was about 7-9 hours by about 500 nA beam 
current. 
After irradiation, the each cell was measured by a Ge-detector coupled with 4096 
multichannel analyser.  Since the emission probability of γ-ray accompanied with the 
β-decay of 42Ar is 0 %, the 42Ar itself can not be measured by the γ-ray spectroscopy.  
Instead, amount of the 42Ar can be estimated by the 1524 keV γ-ray activity emitted from 
the 42K as a correlation of secular equilibrium.  However, the 42K was also produced 
directly by the 40Ar(α,pn)42K reaction during the irradiation, therefore, the 42K decayed 
from the 42Ar can be measured after decaying out the primary 42K in several weeks later.  
In order to calculate the cross section from the amount of the radioactivity of γ-ray, 
the efficiency of Ge detector should be known.  Since the decay rate of the 42Ar was very 
small, the target cells are placed close to the detector in order to accumulate sufficient 
yields of the γ-ray emitted by the 42K.  Therefore, it was difficult to determine the 
efficiency of the detector, because the 42K nuclides in the target cell were not regarded as a 
point source.  Here, the primary 42K was used to determine the efficiency by changing the 
distance between the source and Ge-detector (considering the geometrical effect). 
The counting rate of 1524 keV γ-ray was decreased as a function of the half-life of 
the primary 42K produced directly by the 40Ar(α, pn)42K reaction.  Then, after several 
weeks, the counting rate became almost constant.  Therefore, amount of the 42K produced 
by the 40Ar(α, 2p)42Ar reaction can be measured with no interference of the primary 42K. 
Cu foils for the degradation of beam energy were also used as the beam current 
monitor. Total dose of the beam current evaluated by the excitation functions of the 65Cu(α, 
2n)67Ga reaction3,4) were consistent with that measured by Faraday-cup within the errors 




Results and Discussion 
The cross sections measured in the 40Ar(α, 2p)42Ar and 40Ar(α, pn)42K reactions are 
shown in Fig.2, which were the values averaged by two runs in the same beam energy.  
The errors were estimated by the different value performed in two runs.  The incident 
energies of α-particles for each target cell were determined by the calculated energy 
degradation in Ar-gas, air, Harvar, polyimide and Cu foils using TRIM code5).  Errors in 
the energy scale were indicated by the calculated energy degradation and the beam 
straggling in Ar-gas in the each target cell. 
The excitation function of the primary 42K in the local energy region presented by 
Tanaka et al.6) is also shown in Fig. 2.  It seems that the present value for the 40Ar(α, 
pn)42K reactions is smoothly connected to that presented by Tanaka et al. even though the 
different techniques used each other.  The calculated values of the cross sections using 
ALICE code7) are also given in Fig. 2.  As can be seen in the figure, the values calculated 
by the ALICE code may be overestimated in the 40Ar(α, 2p)42Ar reaction in the lower 
energy region, and that may be underestimated in the40Ar(α, pn)42K reaction in the higher 
energy region.  The experimental results show that the cross section of the 40Ar(α, 2p)42Ar 
reaction becomes still larger as increase the beam energy.  In order to estimate the 
probable production rate of the 42Ar for the generator, experimental investigation in the 
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Figure 2.  Comparison of the experimental and calculated excitation functions  
for the (α, 2p) and (α, pn) reaction on the target of 40Ar. 
